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ABSTRACT 
We report Mo isotopic data of 27 new presolar SiC grains, including 12 14N-rich AB 
(14N/15N > 440, AB2) and 15 mainstream (MS) grains, and their correlated Sr and Ba isotope 
ratios when available. Direct comparison of the data for the MS grains, which came from low-
mass asymptotic giant branch (AGB) stars with large s-process isotope enhancements, with the 
AB2 grain data demonstrates that AB2 grains show near-solar isotopic compositions and lack s-
process enhancements. The near-normal Sr, Mo, and Ba isotopic compositions of AB2 grains 
clearly exclude born-again AGB stars, where the intermediate neutron-capture process (i-
process) takes place, as their stellar source. On the other hand, low-mass CO novae, and early R- 
and J-type carbon stars show 13C and 14N excesses but no s-process enhancements and are thus 
potential stellar sources of AB2 grains. Since both early R-type carbon stars and CO novae are 
rare objects, the abundant J-type carbon stars (10−15% of all carbon stars) are thus likely to be a 
dominant source of AB2 grains. 
KEY WORDS: CIRCUMSTELLAR MATTER – METEORITES, METEORS, METEOROIDS – 
NUCLEOSYNTHESIS, ABUNDANCES–STARS: AGB AND POST-AGB–STARS: 
CARBON–STARS: DWARF NOVAE 
1. INTRODUCTION 
Among the starting materials of the solar system were dust grains that formed in dying 
stars of varying types and had become incorporated in the protosolar molecular cloud. A small 
fraction of these presolar grains survived destructive processes in the early solar nebula and were 
later incorporated into the parent bodies of primitive meteorites. They are identified in 
laboratories on Earth by their highly anomalous isotopic compositions that resulted from 
progenitor stellar nucleosynthesis (e.g., Zinner 2014; Nittler & Ciesla 2016). Silicon carbide 
(SiC) is the most extensively studied presolar phase, and presolar SiC grains have been divided 
into five main groups (each of which comprises ≥1% of presolar SiC) according to their C, N, 
and Si isotope ratios (Hoppe et al. 1994). SiC grains of type AB (5−6% of SiC) are defined as 
grains with large 13C enrichments (12C/13C<~10) and are the second most common group after 
mainstream (MS) SiC grains (>90% of SiC) from low-mass asymptotic giant branch (AGB) stars 
(e.g., Lugaro et al. 2003; Liu et al. 2015).  
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Of the various types of presolar SiC, AB grains, however, have the most ambiguous 
stellar origin(s) and several types of stars have been proposed as their progenitors. The AB grains 
were initially divided into two groups, A and B (Hoppe et al. 1994; 12C/13CA<3.5≤12C/13CB≤10), 
which were subsequently combined as a single group with 12C/13C≤10 due to the lack of any 
other obvious differences (Amari et al. 2001). A recent study of AB grains (Liu et al. 2017) has 
shown distinctive differences in the isotopic compositions of C, N, Al, and Si between 15N-rich 
(14N/15N ≤ 440, the solar ratio, AB1 group) and 14N-rich (14N/15N > 440, AB2 group) AB grains, 
thus suggesting different stellar sources of these two subgroups. Liu et al. (2017) found that AB1 
grains (2−3% of all SiC) show an anticorrelation between their 14N/15N and their inferred 
26Al/27Al ratios, which points to an origin in supernovae, in which H was ingested into the He/C 
zones prior to the explosions. In comparison, AB2 grains (2−3% of all SiC) do not show any 
correlation between their N and Al isotope ratios, and their stellar origins remain unclear. The 
previously proposed potential stellar sources for AB2 grains include born-again AGB stars, J-
type carbon stars, and low-mass CO novae (Amari et al. 2001; Fujiya et al. 2013; Haenecour et al. 
2016). Born-again AGB stars are post-AGB stars that experienced a late thermal pulse (TP) and 
thus show stronger or at least similar s-process isotopic signatures compared to AGB stars, 
according to both observations and model calculations (e.g., Busso et al. 2001; Herwig et al. 
2011). In contrast, observations of J-type carbon stars show almost no detectable s-process 
enhancements (Abia & Isern 2000), and s-process nucleosynthesis does not occur during nova 
explosions (e.g., José 2016). Isotopic compositions of s-process elements in AB2 grains are 
therefore key for probing the stellar source(s) of AB2 grains. 
Information on the abundances and isotopic compositions of s-process elements in AB2 
grains, however, is extremely limited. Although Amari et al. (1995, 2001) reported abundances 
of s-process elements in 21 AB grains, only one of the grains they analyzed was an AB2 grain, 
and the other 20 grains were either AB1 grains or remain ambiguous, because their 14N/15N ratios 
of 450−480 lay close to the solar value. Later, Savina et al. (2003) measured Mo isotope ratios in 
seven AB grains and found normal Mo isotopic composition in five of them. However, only two 
of their grains belonged to the AB2 group, with one of them showing slight, ~150‰, p-process 
enrichments, i.e., 92,94Mo excesses. Isotopic compositions of s-process elements in three 
additional AB2 grains were reported in the literature (Pellin et al. 2000; Savina et al. 2003; 
Barzyk et al. 2008), which had either normal Mo and Ba isotopic compositions or small 
depletions in 96Zr. However, all the isotopic data were only briefly reported in the abstracts, 
which did not discuss the possibility of surface contamination causing the normal isotopic 
compositions. As a result, it remains unclear if AB2 grains indeed lack s-process isotopic 
signatures.  
To better understand the stellar origin(s) of AB2 grains, we report Mo isotopic 
compositions of 27 presolar SiC grains, including 12 AB2 and 15 MS grains, and their correlated 
Sr and Ba isotopic compositions when available. Our analysis of the AB2 and MS grains on the 
same sample mounts in the same analytical session allowed direct comparison of their s-process 
isotopic compositions, which demonstrates that AB2 grains show weaker s-process to solar 
isotopic signatures relative to MS grains from low-mass AGB stars with near-solar metallicities.  
2. METHODS 
The SiC grains in this study were extracted from the primitive Murchison (CM2) 
meteorite using the chemical method described in Nittler & Alexander (2003). Isolated and size-
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separated (~1 µm) grains in a water suspension were dispersed onto three gold mounts labeled #1, 
#2, and #3. SiC grains on the three mounts were identified by automated BSE (backscattered 
electron)-EDX (energy-dispersive X-ray) analysis (Liu et al. 2016a). Isotopic analysis of C, N, 
and Si in the AB2 and MS grains was performed with the NanoSIMS 50L ion microprobe at the 
Carnegie Institution using standard procedures (Liu et al. 2016b, 2017). All data were collected 
in the imaging mode, with ~150 nm spatial resolution, which allowed selection of smaller 
regions of interest during data reduction to minimize potential contamination. After the 
NanoSIMS analyses, a focused Ga+ ion beam (FIB) was used to remove potential contaminants 
in ≥3×3 µm2 areas adjacent to the AB2 grains at low beam current (~50 pA).  
The 12 FIB-cleaned AB2 and 15 well-isolated MS grains (not FIB-cleaned) were then 
analyzed with a new resonance ionization mass spectrometry (RIMS) instrument, the Chicago 
Instrument for Laser Ionization (CHILI), at the University of Chicago. CHILI is equipped with 
six Ti:sapphire lasers for resonance ionization (Stephan et al. 2016). All of the Sr, Mo, and Ba 
isotopes were simultaneously measured in each grain using the procedure described by Stephan 
et al. (2017). A 351 nm Nd:YLF laser beam, focused to ~1 µm, was used to desorb materials 
from the surface of presolar grain mounts, so the FIB-cleaning ensured minimal sampling of 
potential contamination from the surrounding areas.  
The NanoSIMS and CHILI data are reported in Table 1; uncertainties in Table 1 and in 
all figures are 2σ.1 The C and N isotope data are reported as atomic ratios, and the Si, Sr, Mo, 
and Ba isotope data as δ-values2. The Si, Sr, Mo, and Ba isotope data were normalized to 28Si, 
87Sr, 96Mo, and 136Ba, respectively. Although 86Sr is commonly used for normalizing Sr isotope 
ratios in the literature (e.g., Liu et al. 2015), we chose to normalize all the Sr isotope ratios to 
87Sr, because an unidentified molecular interference peak appeared at mass 86 in some of the 
RIMS spectra of grains. Values of δ130,132Ba and δ84Sr (in most cases) are not reported in Table 1 
because of large statistical uncertainties caused by the low abundances of these isotopes. 
Strontium and Ba isotope ratios were obtained in 15 and 10 grains, respectively, out of 27 grains 
with available Mo isotope ratios (Table 1), indicating lower efficiencies of the Sr and Ba 
resonance ionization schemes and/or lower Sr and Ba concentrations in the grains.  
3. RESULTS  
Figure 1 shows that the MS grain data from this study are in good agreement with the 
literature data3 and the data for N stars, consistent with the fact that MS grains came from low-
mass AGB stars (C (N)-type carbon stars) with near-solar metallicities, and are thus 
characterized by s-process isotopic signatures (e.g., Lugaro et al. 2003; Liu et al. 2015). 
                                                
1Note that 3 of the 12 AB2 grains had 12C/13C ratios of 11, which are slightly higher than the definition of 
AB2 grains, 12C/13C ≤10. However, as will be shown later, these three AB2 grains had near-normal Mo isotopic 
compositions as the other nine AB2 grains, but different from the anomalous Mo isotopic compositions observed in 
most of the MS grains, which thus supports the relaxation of the AB grain definition as also suggested by Liu et al. 
(2017). 
2 δ-notation is defined as δiA=[(iA/jA)grain/(iA/jA)std−1]×1000, where A denotes an element, i an isotope of 
this element, and j the normalization isotope, and (iA/jA)grain and (iA/jA)std represent the corresponding isotope ratios 
measured in a sample and the standard, respectively. 
3Note that the different MS grain datasets in the literature (e.g., Hynes & Gyngard 2009) show varying 
14N/15N distributions, indicating different degrees of solar/terrestrial N contamination sampled during ion probe 
analyses. Thus, a large dataset from Gyngard et al. (2006) that shows a relatively low degree of N contamination 
was chosen for comparison in Fig. 1. 
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Intriguingly, Fig. 1 shows that AB2 grains with 14N/15N≥1,000 (hereafter high-14N AB2 grains) 
in this study span a narrower 12C/13C range than those with 14N/15N<1,000 (hereafter low-14N 
AB2 grains). This observation seems to be supported by the literature AB2 grain data4. It is 
unclear why the high-14N AB2 grains from this study lie at the high 12C/13C end; although the 
higher 12C/13C ratios obtained in our study could indicate a higher degree of C contamination, the 
consistent 12C/13C range for the low-14N AB2 grains from this study and the literature seems not 
to favor this possibility. On the other hand, the AB2 and MS grains in this study show a similar 
range of δ29Si values indicating a similar range of progenitor stellar compositions, with the MS 
grains being more 30Si-enriched. 
The Mo isotopic data of 12 AB2 and 15 MS grains are shown in Fig. 2, in comparison to 
AGB model predictions for a 2 M
¤
, 0.5 Z
¤
 star (Gallino et al. 1998; Liu et al. 2015; Bisterzo et al. 
2017). The AB2 grains clearly show near-solar Mo isotopic compositions. In contrast, highly 
anomalous Mo isotope ratios were obtained in 12 out of the 15 MS grains and can be well 
explained by the range of neutron exposures constrained by the correlated Sr and Ba isotope 
ratios of MS grains reported by Liu et al. (2015, Table 6). In addition, the most anomalous Mo 
isotope pattern observed in the 12 AB2 grains is similar to the averaged s-process pattern of the 
12 MS grains that had anomalous Mo isotope ratios within 2σ uncertainties, but seems to lie 
closer to the solar Mo isotopic composition (Fig. 3). Note that 16 AB1 grains were also measured 
in the same CHILI session for Sr, Mo and Ba isotopes. Although the data will be reported 
elsewhere, it is worth mentioning that eight out of the 16 AB1 grains show s-process Mo isotope 
ratios with slightly more anomalous values, thus providing further support to the division of the 
AB grains into two subgroups. 
4. DISCUSSION 
4.1. Can Contamination Explain AB2 Mo Isotope Data? 
Multielement isotope analyses of heavy elements in Murchison presolar SiC grains by 
Barzyk et al. (2007) indicated substantial contamination of Ba and Mo. Thus, an acid-cleaning 
method was used in subsequent studies of Sr and Ba isotopes in SiC (Liu et al. 2014b, 2015); this 
method was demonstrated to be quite effective in removing surface Sr and Ba contamination 
based on comparison with the literature data. Since the Murchison SiC grains in the present study 
were not further acid-cleaned using this method, potential surface contamination caused by 
parent-body processes and/or laboratory contamination could result in dilution of anomalous 
isotopic signatures measured in grains from this study. Liu et al. (2014b, 2015) also pointed out 
that MS grains with δ135Ba values above −400‰ are likely to be Ba-contaminated grains. 
Thus, we tested the cleanliness of our MS grains by comparing (Fig. 4) the grain data in 
this study to the same set of AGB model predictions in Fig. 2 using the method introduced by 
Barzyk et al. (2007). In the Barzyk et al. study, a “contaminated” grain is defined as one that 
cannot be reached by various AGB model predictions in the C-rich phase within 2σ error ellipses 
in a two-element isotope plot. Based on this criterion, at least one of the three grains with normal 
Mo isotope ratios is Mo-contaminated. Since “clean” MS grains are likely to have δ135Ba values 
below −400‰, most likely all three grains are Mo-contaminated, thus corresponding to 20% of 
                                                
4 The AB2 literature data include all AB2 grains reported in the literature except for those from Amari et al. 
(2001), whose AB2 grains do not show a narrower range of 12C/13C ratios for 14N/15N>1,000 as observed in other 
datasets. 
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the grains having severe Mo contamination. Note that we also infer similar levels of Mo 
contamination from correlated Mo and Ba data of 21 Y (14%) and 21 Z (14%) grains from 
lower-metallicity AGB stars analyzed in the same CHILI session; data for these grains will be 
reported elsewhere. It is also worth pointing out that the rare-type grains including AB1, AB2, Y, 
and Z grains analyzed in this study were all FIB-cleaned, but the MS grains were not. Thus, the 
MS grain data should represent the highest level of surface contamination in this study. In 
addition, only one out of 16 MS, Y, and Z grains had δ135Ba values higher than −400‰, also 
indicating a negligible amount of Ba contamination in our study. Finally, the level of Sr 
contamination in this study is unclear, because the set of AGB models in Fig. 2 predict δ88Sr 
(normalized to 87Sr) values to lie close to the solar value with small variations (ranging from 
−40‰ to 300‰ in D6 to D2 cases, respectively). Thus, the normal δ88Sr values measured in 19 
MS, Y, and Z grains could be consistent with either s-process nucleosynthesis and/or solar Sr 
contamination. Although negative δ84Sr values are diagnostic of s-process nucleosynthesis (a 
pure-s component would have δ84Sr=−1,000‰), δ84Sr values were obtained in only a few grains 
due to the low 84Sr abundance. To summarize, multielement isotopic analyses of a number of MS, 
Y, and Z grains show that only up to 20% of the grains suffered from severe Mo contamination, 
and that Ba contamination seems to be negligible. 
In comparison, 10 out of 12 AB2 grains had normal Mo isotope ratios, and the other two 
grains had much weaker s-process Mo isotopic signatures with large uncertainties relative to MS 
grains (Figs. 2,3). Although AB2 grains seem to show lower concentrations of s-process 
elements, the Mo counts collected from the 10 AB2 grains with normal isotopic compositions 
(median: 3,500 counts) lie close to the ranges of MS (5,400 counts), Y (5,600 counts), and Z 
(5,000 counts) grains. Therefore, the level of Mo contamination should be similar for the 
different types of SiC grains measured in this study, which is strongly supported by the similar 
levels of Mo contamination inferred from the MS, Y, and Z grains. By considering the highest 
level of Mo contamination inferred from the MS grain data (20%), the normal Mo isotope ratios 
in only up to 2 or 3 out of the 12 AB2 grains could be explained by Mo contamination.  
More importantly, AB2 and MS grains barely overlap in Fig. 2, as the former are mainly 
clustered around the solar composition, while the latter lie closer to the s-process end-member in 
this Mo three-isotope plot. Specifically, the averaged δ92Mo value for the 12 AB and 15 MS 
grains are −42±50‰ and −687±23‰, respectively, demonstrating that the two groups of grains 
are distinctively different in their Mo isotopic compositions. Finally, except for grain M2-A1-
G554, which had the most anomalous Mo isotope ratios (Fig. 3) and δ88Sr=−817±226‰, all five 
other AB2 grains had solar Sr and Ba isotope ratios (Table 1), providing further support to the 
indication that the AB2 grains had near-normal isotopic compositions for s-process elements. 
The extremely low δ88Sr value observed in M2-A1-G554 likely indicates that the branch points 
at 85K and 86Rb were not activated at all, so that the s-process likely proceeded following the path 
85Kr−85Rb−86Rb−86Sr, resulting in the low δ88Sr value (path 1 in Fig. 2 of Liu et al. 2015). Since 
the lowest δ88Sr value that can be reached by AGB models is around −300‰ by turning off the 
22Ne source (e.g., Lugaro et al. 2003), the δ88Sr value of this grain suggests a neutron-capture 
environment with an extremely low peak neutron density in its progenitor star relative to the 
typical s-process in AGB stars. 
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4.2. Potential Stellar Origin(s) of AB2 Grains 
The near-normal isotopic compositions of AB2 grains clearly exclude born-again AGB 
stars as their stellar sources. Dust grains from born-again AGB stars are expected to show 
neutron-capture isotopic signatures as a result of the intermediate neutron-capture process (i-
process) at enhanced neutron densities (~1015 cm−3, Herwig et al. 2011) relative to those of the s-
process (~107 cm−3, Gallino et al. 1998). As a result, born-again AGB stars have been proposed 
as the stellar source of 13C-rich graphite grains with large 42,43,44Ca excesses (Jadhav et al. 2013). 
The nucleosynthetic model of Herwig et al. (2011) for the born-again AGB star, Sakurai’s object, 
predicts huge excesses of 87,88Sr, 96,97,98,100Mo, and 136Ba, and thus extremely anomalous Sr, Mo, 
and Ba isotopic compositions as a result of the i-process nucleosynthesis (F. Herwig & M. 
Pignatari, 2014, private communication)5. In contrast, the AB2 grains in this study show neutron-
capture signatures that are even weaker than the s-process signatures and are thus inconsistent 
with being from born-again AGB stars (Liu et al. 2014b). It should be pointed out that none of 
the AB1 grains have been clearly demonstrated to have come from born-again AGB stars (Liu et 
al. 2016b, 2017). On the other hand, the graphite grains that have been assigned to a born-again 
AGB stellar origin (Jadhav et al. 2013) could be alternatively explained by nucleosynthesis in 
supernovae with H ingestion (Liu et al. 2017). One of the most diagnostic isotope ratios for the 
two stellar sources, 14N/15N (Liu et al. 2017), however, is terrestrial in most of the graphite grains, 
probably due to surface contamination and/or isotope equilibration in the Orgueil meteorite 
parent body (Jadhav et al. 2013). Thus, the contribution of born-again AGB stars to the dust 
reservoir in the early solar system remains unclear. However, it is noteworthy that although more 
than 10% of low- and intermediate-mass stars that go through a planetary nebula phase will 
become born-again AGB stars based on theoretical estimates (Iben et al. 1996), the observed 
amount of C-rich dust produced by Sakurai’s object (6×10−5 M
¤
, Chesneau, et al. 2009) is 
generally substantially lower than the amounts of C-rich dust (10−4−10−2 M
¤
) produced by low-
mass AGB carbon stars (e.g., Zhukovska & Henning, 2013). 
Low-mass CO novae and early R- and J-type carbon stars are all potential stellar sources 
of AB2 grains because they are enriched in 13C and 14N, and lack s-process enhancements 
according to astronomical observations and/or calculations (Dominy 1984; Abia & Isern 2000; 
Zamoro et al. 2009; Jordi et al. 2012; Hedrosa et al. 2013). Both early R- and J-type carbon stars 
have near-solar metallicities, with the former being sparse in number (Zamora et al. 2009) and 
the latter being abundant with higher 13C and Li enrichments (10−15% of all carbon stars, Abia 
& Isern 2000). The observed chemical properties of early R- and J-type carbon stars are 
consistent with those of AB2 grains, including their C and N isotope ratios, their lack of s-
process enhancements, and their near-solar metallicities (Figs. 1,2). Also, J-stars are quite 
abundant amongst carbon stars and, therefore, should have contributed a large amount of C-rich 
dust (more than 10% by taking the relative ratio of J-stars to N-stars) to the early solar system. 
Thus, all these facts strongly indicate that a majority of AB2 grains came from J-type carbon 
stars. 
Nova nucleosynthesis in the context of presolar grain data has been described in detail by 
José et al. (2004) and José & Hernanz (2007). Overall, the 0.6 M
¤
 CO nova model predictions 
are in good agreement with the AB2 grain data. First, the model predicts that Si isotope ratios are 
                                                
5 Note that although Sakurai’s object has a subsolar Ba elemental abundance, the Herwig et al. model 
predicts strong anomalous Ba isotopic compositions as a result of the i-process (Liu et al. 2014b). 
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unaffected by the nova nucleosynthesis during the nova explosion (José et al. 2004), which is 
consistent with the fact that AB2 grains are less enriched in 30Si relative to MS grains, because 
the s-process nucleosynthesis in AGB stars that enriches 30Si in MS grains does not occur in low-
mass CO novae (Fig. 1); thus, the Si isotope ratios of AB2 grains best represent the Galactic 
chemical evolution trend of Si isotope ratios (Fig. 1). Second, the predicted C and Al isotope 
ratios in the ejecta of 0.6 M
¤
 CO novae (Table 2 of José et al. 2004) are slightly more extreme 
than the AB2 grain data (Fig. 1; Amari et al. 2001), but this problem can be reconciled by 
invoking mixing with material with close-to-normal isotopic composition from the companion 
main-sequence star. Finally, the model predicts 14N/15N ratios only up to 2,000, which cannot 
cover the whole 14N/15N range of AB2 grains (up to ~10,000), and dilution with material from 
the companion star is likely to lower the 14N/15N ratios. So, low-mass CO novae alone do not 
seem to be able to explain all the AB2 grain data unless there exist lower-than 0.6 M
¤
 CO novae 
capable of producing 14N/15N ratios of up to 10,000.  
Additionally, novae and early R-type stars are extremely rare, while, in contrast, J-type 
carbon stars are quite common objects. Calculations have shown that novae contributed only 
0.1% to the dust inventory in the interstellar medium, while the contribution of carbon stars is 
200 times higher (Gehrz 1989). Thus, it is very unlikely that low-mass CO novae are a dominant 
source of AB2 grains, which make up 2−3% of presolar SiC grains. Interestingly, only low-14N 
AB2 grains show 12C/13C ratios lower than five, likely indicating an additional stellar source for 
low-14N AB2 grains that resulted in the wider range of 12C/13C ratios compared to the high-14N 
AB2 grains. Based on this observation and the occurrence frequency of CO novae in the Galaxy, 
it is likely that low-mass CO novae only contributed a very small fraction of AB2 grains to the 
early solar system (Haenecour et al. 2016). 
Traditionally, J-type carbon stars are proposed to be the daughters of early-R stars (e.g., 
Lloyd Evans 1986) because of their chemical similarities and the higher luminosity of J stars. 
However, the two types of carbon stars have different Galactic distributions, which argues 
against a genetic relationship between the two (Zamora et al. 2009). As discussed by Zamora et 
al. (2009) in detail and investigated in many recent studies (Izzard et al. 2007; Zhang & Jeffery 
2013; Sengupta et al. 2013), the most likely scenario to explain the optical and chemical 
properties of early R- and J-type stars are binary mergers with the most favorable cases being He 
white dwarf and red giant mergers (Izzard et al. 2007; Zhang & Jeffery 2013). However, so far, 
the investigated merger channels are not able to account for the observed populations (in both 
absolute and relative abundances) of early R- and J-type carbon stars (Zhang & Jeffery 2013; 
Sengupta et al. 2013), and further simulation efforts are needed to investigate other merger 
channels along with more detailed nucleosynthetic calculations that can be constrained by the 
AB2 grain data. 
5. CONCLUSIONS 
We obtained Mo isotope ratios in 12 AB2 and 15 MS SiC grains with correlated Sr and 
Ba grain data in subsets of these grains. Direct comparison of the MS grain data with the AB2 
grain data from this study demonstrates that normal Mo isotope ratios, the rule rather than the 
exception in AB2 grains, represent an intrinsic property of the grains set by their progenitor stars 
instead of laboratory Mo contamination, and this is further supported by the correlated Sr and Ba 
isotope data. The lack of s-process isotopic signatures in AB2 grains clearly points to potential 
stellar sources of low-mass novae, and early R- and J-type carbon stars, and of these, J-type 
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carbon stars are the most abundant observed stellar objects with the other two being rare. Thus, a 
majority of AB2 grains most likely originated in J-type carbon stars with minor contributions 
from low-mass (≤0.6 M
¤
) novae and early R-type carbon stars. 
Interestingly, we observed that for AB2 grains, 12C/13C ratios lower than five are only 
seen in low-14N AB2 grains (14N/15N<~1,000), which could have come from low-mass CO novae 
that are predicted to produce relatively low 12C/13C (<2) and 14N/15N (<2,000) ratios. The fact 
that none of the 13C-rich SiC grains seem to have originated from ONe novae is also consistent 
with the observation that high-mass ONe novae are usually dust-free while low-mass CO novae 
are dusty objects (Gehrz 1989). Finally, J-type carbon stars are still poorly understood stellar 
objects, so detailed isotopic signatures of AB2 grains should provide stringent tests to 
evolutionary simulations of J-type carbon stars that need to be considered by stellar modelers. 
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FIGURE CAPTIONS 
Fig. 1. The isotopic compositions of C, N, and Si of AB2 and MS SiC grains from this 
study are compared to literature data (Gyngard et al. 2006; Hynes & Gyngard 2009) and 
observational data for J- and N-type carbon stars (Hedrosa et al. 2013). For 14N/15N, the 
protosolar value of 441±5 reported by Marty et al. (2011) is shown as a dash-dotted line for 
reference. The dashed lines represent terrestrial isotopic compositions. The literature data for 
AB2 and MS grains (Hynes & Gyngard 2009) were used for the Si-isotope linear fits. For clarity, 
the uncertainties in the literature presolar grain data and the observational data for N stars are not 
shown. The observational data with arrows are lower limits. 
Fig. 2. A Mo three-isotope plot of δ94Mo versus δ92Mo for SiC AB2 and MS grains from 
this study and Torino AGB model predictions (Gallino et al. 1998). The entire evolution of the 
AGB envelope composition is shown, but symbols are plotted only for third dredge-up episodes 
that have raised the C/O ratio above 1, when SiC can condense according to thermodynamic 
equilibrium calculations (Lodders & Fegley 1995). The detailed model description is given in 
Liu et al. (2014a, 2015), and the D2 to D6 cases in the Zone-II_P4 model for a 2 M
¤
, 0.5 Z
¤
 
AGB star are chosen for comparison, because they best match the correlated Sr-Ba MS grain 
data of Liu et al. (2015). Briefly, the Zone-II_P4 model adopts a flat 13C profile in the so-called 
13C-pocket with four times higher mass relative to the standard one and the D2 to D6 cases 
correspond to a range of 13C concentrations within the pocket. Note that the model considers the 
effect of Galactic chemical evolution and as a result, the predictions start from positive values 
instead of the solar composition.  
Fig. 3. The Mo isotope pattern of the most anomalous AB2 grain M2-A1-G554, in 
comparison to the averaged pattern of the 12 MS grains with anomalous Mo isotope ratios.  
Fig. 4. Plot of δ135Ba versus δ92Mo for MS SiC grains from this study and the same set of 
Torino AGB model predictions in Fig. 2. 
Table 1. Isotopic Data of AB2 and MS Grains. All data are reported with 2σ errors.  
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